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(54) Stent crimper 

(57) An apparatus for crimping a stent to a catheter 
as well as a method for crimping a stent to a catheter 
are disclosed in several embodiments. The apparatus in 
its various embodiments involves the application of a 
uniform radially inward force to a compressit)le tube in 
which the stent and catheter are situated. 


Fig.l 



< 

00 

CO 

o> BEST AVAILABLE COPY 

o 

Q. 

LU 


Primed by Xom (UK) Business Services 
2,16.7/3.6 


BNSOOCID: <EP 09ie3iaAlJ_> 


r 


r 


EP 0 916 318 A1 


Description 

Background pf the Invention 

[0001] This invention relates to an assembly and a 
method for fastening a stent onto a catheter. This kind of 
det/ice finds routine use in the area of percutaneous 
transluminal coronary angioplasty (PICA) procedures, 
although it may be used in other types of procedures, as 
well. 

[0002] Stents and stent delivery assemblies are uti- 
lized in a number of medical procedures and situations, 
and as such their structure and function are well known. 
A stent is a generally cylindrical prosthesis introduced 
via a catheter into a lumen of a body vessel in a config- 
uration having a generally reduced diameter and then 
expanded to the diameter of the vessel. In its expanded 
configuration, the stent supports and reinforces the ves- 
sel walls while maintaining the vessel in an open, unob- 
structed condition. 

[0003] Inflation expandable stents are well known and 
widely available In a variety of designs and configura- 
tions. Inflation expandable stents are crimped to their 
reduced diameter aboxA the delivery catheter, then 
maneuvered to the deployment site and expanded to 
the vessel diameter by fluid inflation of a balloon posi- 
tioned between the stent and the delivery catheter. The 
present invention is particularly concerned with the 
crimping of inflation expandable stents although self- 
expanding stent may be used as well. 
[0004] An example is tile stent described in PCT Appli- 
cation NO. 960 3092 A1, published 8 February 1996, 
the content of which is incorporated herein by refer- 
ence. 

[0005] In advancing an inflation expandable balloon 
through a body vessel to the deployment site, the stent 
must be able to securely maintain its axial position on 
the delivery catheter, without translocating proximally or 
distatly, and especially without becoming separated 
from the catheter. Stents that are not properly secured 
or retained to the catheter may slip and either be lost or 
be deployed in the wrong location. The stent must be 
crimped in such a way as to minimize or prevent alto- 
gether distortion of the stent and to thereby prevent 
abrasion and/or reduce trauma of the vessel walls. 
[0006] In the past, this crimping has been done by 
hand resulting in non-uniform crimps due to the applica- 
tion of uneven force to the stent. A non-unifbnnly 
crimped stent must either be discarded or re-crimped. 
Stents which have been crimped multiple times can suf- 
fer from fatigue. Moreover, a non-uniform crimping can 
result in scoring or other marking of the stent which can 
cause thrombosis. A poorly crinped stent can also 
damage the underlying balloon. Other methods of 
crimping stents include the use of mechanical devices 
such as those disclosed in US 5.546,646 to Williams et 
al. US 5.183.085 to Timmermans et al.. US 5.626.604 
to Cottone. Jr. and WO 97/20593. 


[0007] It is a goal of the present invention to produce 
a device, optionally portable, to crimp a stent onto a 
catheter uniformly while minimizing the distortion of and 
scoring and marking of the stent and due to the crimp- 
5 ihg. This goal is accomplished in the present invention 
In its many embodiments by applying a uniform force to 
a compressible tube in which the stent and catheter are 
situated. 

[0008] In the description that follows it is understood 
10 that the invention contemplates crimping a stent to a 
catheter with an expandable region. Thus, when refer- 
ence is made to crimping a stent to a catheter, a balloon 
may be situated between the stent and the catheter.or 
the stent may be crimped to a region of a catheter hav- 
75 ing some other means Ibr expanding. 

Summary of the Invention 

[0009] The present invention provides an apparatus 

20 for compressing a stent onto a catheter, the catheter 
preferably including are expandable portions such as a 
balloon under the stent. The apparatus comprises a 
retaining means for preventing the stent from sliding 
ak)ng the catheter and a crimping means for applying a 

25 substantially unlfbrm, circumferential radial inward force 
to at least a portion of the stent. The crimping means 
moves longitudinally with respect to the stent and over it 
to apply a substantially uniform circumferential radial 
inward crimping force to the stent. 

30 [0010] In one embodiment, the retaining means com- 
prises a peel away tube mounted coaxially on the cath- 
eter adjacent to the proximal of the stent. In another 
embodiment, the retaining means comprises defbrma- 
ble tubing mounted coaxially on the catheter over the 

35 Stent. The deformable tubing has a first diameter prior to 
stretching and a second smaller diameter after stretch- 
ing. The deformable tubing grips the uncrimped stent 
and holds it in place upon being stretched. 
[0011] In another embodiment, the crimping means 

40 comprises a tapered peel away tube mounted coaxially 
on the catheter adjacent to the distal end of the stent. 
The tapered peel away tube has a first diameter larger 
than the diameter of the stent and a second diameter 
smaller than the diameter of the uncrimped stent. The 

45 uniform circumferential radial inward force is applied by 
sliding the tapered peel away tube over the stent 
[0012] In another embodiment, the crimping means 
comprises a die having a bore. The diameter of the bore 
is smaller than the diameter of the stent. The uniform 

so radial inward force is applied by introducing the stent 
into the bore and sliding the die over the stent. 
[0013] The present invention in another embodiment 
provides an apparatus for compressing a stent compris- 
ing a tube having a first end and a second end. the tube 

55 preferably having a longitudinal axis coincident with the 
longitudinal axis of the apparatus, the tube character- 
ized by a first diameter in the absence of tension and a 
second smaller diameter when longitudinal tension is 
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provided on the tube, the tube receiving a catheter and 
a stent to be crimped to said catheter, said stent having 
an initia) diameter prior to being crimped and a final 
diameter after being crimped and a die having a bore 
sized to crimp the stent, the longitudinal axis of the bore 
coincident with the longitudinal axis of the tube, the tube 
at least partially resting within the bore of the die. The 
stent is crimped to the catheter with the above device by 
providing tension to the tube thereby reducing its diam- 
eter and causing It to grip the stent and sliding the die 
along the tube and over the stent. The invention further 
comprises a slide means to which the die is mounted to 
facilitate sliding the die over the stent. 
[0014] In another embodiment of the Invention, an 
apparatus for compressing a stent is disclosed conpris- 
ing a deformable tube and tension applying means for 
applying longitudinal tension to the deformable tube. 
The deformable tube, fastened to the tension applying 
means is characterized by a first diameter in the 
absence of tension and a second smaller diameter 
:.when longitudinal tension is provided on the tube. A 
stent Is crimped onto a catheter using the above- 
/described apparatus by applying longitudinal tension 
via the tension applying means to the deformable tube 
whereby the diameter of the deformable tube decreases 
as the tube is stretched, thereby crimping the stent. 
[0015] In another embodiment the present invention 
Is directed to a method of crimping a stent onto a cath- 
eter. The method comprises placing a stent coaxially on 
stent bearing region of the catheter, placing a stent 
retaining means on the catheter, applying a stent crinp- 
Ing means, the means being capable of applying a uni- 
form radial inward force to at least a portion of the stent, 
to the stent and removing the stent almping means and 
stent retaining means. The stent retention means may 
comprises a peel away tube mounted adjacent to the 
stent or may comprise a deformable tube, the diameter 
of the tube reducing on stretching, which Is placed over 
the stent and stretched. The stent crimping means may 
comprise a tapered tube slidably mounted coaxially 
over the catheter, the tube having first and second ends, 
the first end having a larger diameter than the stent and 
the second end having a smaller diameter than the 
stent. In use, the stent crimping means is applied by 
sliding it over the stent. 

[0016] In yet another embodiment, the present inven- 
tion is directed to a method for affixing a stent onto a 
catheter. The method involves placing a stent coaxially 
on the stent bearing region of the catheter and option- 
ally placing a peel away tube coaxially on the stent bear- 
ing region of the catheter. The first end of a tapered, 
optionally peel-away sheath having first bind second 
ends, the first end having a larger diameter than the 
second end. is placed coaxially over a part of the peel 
away tube. The peel-away tube and stent and catheter 
therein is slidably moved through the tapered peel away 
sheath until the stent is aimped onto the catheter. 
Thereafter, the peel-away sheath Is peeled away, as is 


the optional peel-away tube. 
[0017] In yet another emtxxiiment, the present inven- 
tion is directed to an apparatus for crimping a stent com- 
prising a catheter, the catheter having a stent bearing 

5 region and a stent mounted thereon and. optionally, a 
balloon mounted at least partially underneath the stent. 
The apparatus further comprises a peel away tube 
mounted coaxially on the catheter adjacent to one end 
of the stent, the peel away tube serving as a stop to pre- 

10 vent sliding of the stent during crimping. The apparatus 
further comprises a tapered peel away tube sunrounding 
the catheter at the second end of the stent. The diame- 
ter of the first end of the tapered peel away tube 
exceeds the diameter of the uncrimped stent while the 

15 diameter of the second end of the tapered peel away 
tube is less than the diameter of the uncrimped stent. 
[0018] In yet another embodiment, the present inven- 
tion is directed to an apparatus for crinping a stent com- 
prising a tubular plunger having a first end and a second 

so end. the plunger having an inner diameter exceeding 
the diameter of the stent prior to crimping, a deformable 
inner tube for receiving the stent and catheter from the 
plunger, the inner tube fixedly attached to the second 
end of the tUbuiar plunger, the deformable inner tube 

25 having a first end and a second end, an outer tube, the 
outer tube having a first and a second end. the outer 
tube notched at the second end so as to have a plurality 
of oppositely situated wall sections at the second end. 
the second end of the plunger slidably mounted in the 

30 first end of the outer tube and the deformable Inner tube 
residing within the outer tube, a die slidably mounted on 
the outer tube, the die comprising an outer housing and 
an Inner housing, the outer housing in communication 
with the Inner housing, the Inner housing having an 

35 inner bore therethrough, the inner bore having a circular 
aoss-section at every point along the length of the inner 
bore, the bore characterized by a minimum diameter, 
the diameter of the stent prior to crimping exceeding the 
minimum diameter of the bore, a portion of the inner 

40 tube traversing the bore, the die further having one or 
more slots therethrough between the inner housing and 
the outer housing, the slots an-anged so as to receive 
the plurality of oppositely situated wall sections In slid- 
ing engagement and an end portion, the end portion 

45 residing at the second end of the outer tube, the end 
portion optionally having a hole therein from which the 
catheter may emanate. The stent is crimped to the cath- 
eter by inserting the stent and catheter through the 
plunger and into the inner tube, and sliding the die along 

so the outer tube such that the die passes over the stent 
and applies a uniform radial Inward force to the stent. 

Brief Description of the Figures 


55 [00191 


Rgure 1 shows a side view of one embodiment of 
the present invention; 
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Figure 2 shows a side view of a braid element used 
in the invention; 

Rgure 3 show a perspective view of a die nnoving 
over a stent or a catheter; 
Rgure 4 shows a perspective view of another 
embodiment of the present invention including a 
mounting apparatus: 

Rgure 5 shows a side view of another embodiment 
of the present invention including a mounting appa> 
ratus: 

Rgure 6 shows a side view of another emisodiment 
of the present invention; 

Rgure 7 shows a side view of another emtx>dlment 
of the present invention; 

Rgure 8 shows a side view of another embodiment 
of the present invention; 

Rgure 9 shows a side view of another embodiment 
of the present invention; 

Rgure 10a shows a side view of another embodi- 
ment of the present invention; 
Rgures 10b and 10c show a side view of a stent in 
the process of being crimped in the stent crimper 
depicted in Rgure 10a; 

Rgure 1 1 is a side elevationai view sectioned verti- 
cally along the longitudinal axis of yet another 
embodiment of the invention; 
Rgure 12 is a detailed fragmentary view of the 
outer tube depicted in Rgure 11 showing the 
notched end of the outer tube. 
Rgure 13 is an enlarged fragmentary section taken 
from the area bracketed by 1 3 in Figure 1 1 showing 
the die of Figure 1 1 in detail; 
Rgure 14 is a detailed perspective view of the die 
depicted in Figure 11; 

Rgure 15 Is a detailed sectional view of another 
embodiment of a die; 

Rgure 16a is a detailed perspective view of an 
outer tube used with the die of Figure 15; 
Rgure 16b is a detailed cross sectional view of the 
outer tube of Figure 1 6a taken along line 1 6b-1 6b. 
Rgure 17 is a detailed cross sectional view of 
another die useful In the invention, and 
Rgure 18 is a perspective schematic showing of yet 
another embodiment of the invention. 

Detailed Description of the Invention 

[0020] The present invention provides an apparatus 
for compressing a stent onto a catfieter. In a prefenred 
en^odiment the catheter Includes an expansive means, 
such as a balloon over which the stent is crimped. The 
apparatus comprises a retaining means for preventing 
the stent from sliding along the catheter and a crimping 
means for applying a substantially uniform, circumferen- 
tial radial inward force to at least a portion of tiie stent. 
The crimping means moves longitudinally with respect 
to the stent and catheter 

[0021] As shown In Rgure 1, all embodiments of the 


apparatus for crimping a stent include an optional tube 
10 having a first end 14 and a second end 18. The tube 
may serve as a retaining means to prevent the stent 
from sliding along the catheter. Tube 10 is characterized 

5 by a first diameter in the absence of tension and a sec- 
ond smaller diameter when longitudinal tension is pro- 
vided on the tube. While the interior of the tube has a 
round cross-section, the exterior need not be round. 
Optionally, tube 10 has a longitudinal axis coincident 

70 with the longitudinal axis of the apparatus Tube 10 
receives a catheter 22 (shown with a balloon 24 ther- 
eon) and a stent 26 over the catheter and fc)alloons to be 
aimped to said catiieter, the stent having an initial 
diameter prior to being crimped and a final smaller 

15 diameter after being crimped. The tube also helps to 
prevent or minimize the elongation of the stent during 
the crimping process and protects the stent. 
[0022] Tube 1 0 may comprise any material tiiat exhib- 
its a reduced diameter upon the application of tension 

20 tiiereto and that has a relatively smooth interior surface 
to avoid marking, scoring or othen^^ise damaging the 
stent. The tube may be made of any material tiiat is 
softer than the die used to aimp the stent, tfiat won't 
stick to the stent and tiiat woni damage the stent. 

25 including polymers. One such material is polyester. 
However, materials such as teflon, polyethylene, poly- 
uretiiane and nylon may also be used. Additionally, the 
tube, having an interior surface and an exterior surface, 
may be made of a lubricious material or have a lubri- 

30 dous coating thereon. One surface of the tube may be 
more lubricious than the other. Preferably, the tube will 
be transparent or translucent so as to fadlitate the view- 
ing of tiie stent position tiierein. The tube must be round 
on tiie Inside, but need be round on the outside. 

35 [0023] The tube may comprise a polymer braid as 
illustrated at 32 and in Figure 2. Individual strands 33 of 
a given polymer are interwoven as shown in Figure 2 to 
form tubular braid 32. The polymer strands must be 
thick enough to provide structural integrity to the tube 

40 but not so tiiick as to prevent elongation of the tube and 
tiie associated constriction upon elongation. Moreover, 
the weave must be dense enough as to prevent parts of 
the stent, depending on the design of tiie stent, from 
penetrating the weave and becoming enmeshed in it. In 

45 a preferred embodiment, individual strands 33 made of 
polyester having a circular cross section of diameter 
5/1000 inch. Strands 32 are woven together in a cloth- 
ing weave to form tubular braid 32 with the weave being 
about 20 to about 90 picks/inch, desirably about 32 

50 picks/inch. The braid tube described is manufactured by 
SCIMED Life Systems, Inc., f^aple Grove, MN and/or 
SantaFe Textiles, Inc.. Los Angeles, CA, or may be 
manufactured by any other coil braider. 
[0024] One embodiment of tiie present invention, as 

55 illustrated in Figure 3, comprises a crimping means con- 
sisting of a die 36 having a first end 40, a secord end 44 
and a bore 48 within. The longitudinal axis of the bore is 
coincident with the longitudinal axis of the catheter 22. 
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The bore is sized to crinp a stent carri^ on catheter 22 
within tube 10 to its mounted diameter which is smaller 
than the initial diameter of the stent. Tube 10 as shown 
partially rests within bore 48 of die 36. The stent, 
located underneath tube 1 0 and not depicted in the Rg- 5 
ure, is crimped to the catheter by providing tension to 
tube 10 thereby reducing Its diameter and causing it to 
grip the stent and by sliding die 36 along tube 10 and 
catheter 22, over the stent and tube. As depicted in Fig- 
ure 3, the bore may optionally be tapered at the second 10 
end 44. the diameter of the bore at the second end of 
the die 44 having a diameter smaller than the initial 
diameter of the stent i.e. the desired crimped diameter. 
Alternatively, the bore may be tapered inward from both 
ends. Thus, the diameter of the bore at the first end of 15 
the tube and at the second end of the tube wil) be 
greater than the diameter of the bore in the middle of the 
tube. Die 36 may be made of any material that is harder 
or less deformable than the stent to be crimped includ- 
ing metals such as stainless steel and polymers such as ^ 
polycart)onate, acrylonitrile-butadieneisryrene copoly- 
mer. Nybn, acetal, and PEEK (polyetheretherketone). 
[0025] Tube 10 may further comprise a lubricious 
coating on the exterior surface to facilitate the sliding 
movement of die 36 over tube 10 or on the Interior sur- 25 
face to facilitate insertion of catheter 22 and stent 26 
therein. Suitable iubrldous coatings include, but are not 
limited to. silicone and hydrophillic coatings involving 
hydrogel polymers or the like, such as polymer networks 
of a vinyl polymer and an uncrosslinked hydrogel, for 30 
example. Polyethylene oxide (PEO) is a preferred 
hydrogel. A preferred vinyl polymer is neopentyi glycol 
diacrylate (NPG). Other compositions include copoly- 
mers of poly(ethylene-maleic anhydride). Such compo- 
sitions are more fully disclosed in copending U.S. 35 
Patent Application "Lubricity Gradient for Medical 
Devices", serial number 08/868301, filed June 3, 1997. 
and in copending U.S. Patent Application serial number 
08/409797 filed March 24. 1995. both of which are 
assigned to the same assignee as is the present inven- 40 
tion and which are Incorporated herein by reference as 
welt. 

[0026] The apparatus may further comprise a die slid- 
ing device to fadlitate sliding the die over the stent. The 
die sliding device provides a track along which the die 45 
may be slidably moved. The die sliding device may be 
made of metals such as stainless steel and polymers 
such as polycarl3onate, acrylonitrlle-butadiene-sryrene 
copolymer and PEEK (polyether ether ketone). 
[0027] In one embodiment, illustrated in Figure 4. a so 
die sliding device generally designated at 100 consists 
of a base 104 with two vertical oriented end members 
1 08 and 112 emanating therefrom. Vertical end 108 has 
aperture 114 formed therein, while vertical end 1 12 has 
a male conical protrusion 115 therefrom with an aper- 55 
ture 116 formed therein. The diameter of aperture 116 
is large enough to accommodate the largest diameter 
catheter 120 desired to be used with the present inven- 
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tion. A die 122 has an elongated groove 124 formed on 
Its bottom and is slidably mounted by means of groove 
124 on a track 128. An inner tube 138 is attached either 
adhesively or by pressing to male protrusion 1 1 5 at end 
member 112 and extends through aperture 114 at the 
other end member 108. In use, catheter 120 is inserted 
through aperture 116 into inner tube 138. Stent 140 Is 
placed over the expandable stent bearing portion of the 
catheter 142. Inner lube 138 Is placed under tension by 
pulling on end 138a causing the inner tube to grip stent 
140 and hold it in place over the expandable stent bear- 
ing region of catheter 142. Die 122 is then slidably 
moved along the track 128 and over expandable stent 
bearing region of the catheter 142 as indicated by the 
an-ow until stent 140 Is crimped. Catheter 120 may then 
be removed after slidably moving die 122 back over the 
stent to its initial position as shown in the Figure. Of 
course stent 140 and expandable stent bearing region 
of catheter 142 must be inserted far enough into inner 
tube 138 to allow the die to pass over them. 
[0028] In another embodiment, illustrated in Figure 5. 
a Y or simitar shaped frame generally indicated at 150 
having a handle 152 and uprights 154 and 158, has two 
rods 162 and 166 mounted between uprights 154 and 
158. A tubular or conical protrusion 175 with an aper- 
ture 174 therethrough extends out from upright 154. 
/\perture 174 extends through upright 154. A second 
aperture 176 extends through upright 158. A die 178. 
having three bores 182, 186 and 190 is slidably 
mounted on the rods 162 and 166 by means of bored 
182 and 186, respectively Rod 162 traverses bore 182 
while rod 166 traverses bore 186. An inner tube 192 die 
extending outwardly through aperture 174 folded back 
over and fastened to protrusion 1 75 at one end. extends 
through die 178 and bore 190 therein and out through 
aperture 176 in upright 158. Inner tube 192 may be 
adhesively bonded to the protrusion or pressed on. 
/Mternatively. protrusion 175 may be threaded (not 
shown) and a threaded collar (not shown) screwed on, 
with the folded back portion of inner tube 192 wedged 
between the cottar and protrusion 175. In use, catheter 
194 Is inserted in inner tube 192 through aperture 174 
in upright 154, and at least partially into bore 190 in die 
178. Stent 193 is candied on the catheter over the stent 
t>earing region of the catheter indicated generally at 
198. Tension is applied to inner tube 192 by pulling on 
the end 192 a emanating from aperture 176 thereby 
gripping stent 193 and holding K In place over the stent 
bearing region of the catheter at 198. Die 178 is slidably 
moved along rods 182 and 186 as indicated by the 
arrow such that stent bearing region 1 98 of catheter 194 
passes through bore 190 thereby aimping the stent 
[0029] Rgure 6 is a side view of a die 200, similar to 
those depicted in Figures 3-5, showing stent bearing 
region generally indicated at 204 of a catheter 208 as it 
traverses a bore 212. Stent 216 is compressed and 
crimped as rt traverses bore 212 by movement of died 
200 Is indicated by the an^ow. Extending through bore 


5 


BNSDCCID: <EP ^09ie318A1_L> 


r 


EP 0 916 318 A1 


212 is inner tubing 217. 

[0030] In another enibodiment. illustrated in Rgure 7. 
a catheter 350 having a stent bearing region generally 
indicated at 354. with a balloon 358 mounted thereon, 
and a stent 362. the stent having a first end 363 and a 
second end 364. is provided with a first peel away tube 
366. First peel away tube 366, characterized by a pre- 
determined inner diameter, 366a. is located adjacent to 
the second end 364 of stent 362 and serves as a stent 
retention means to prevent stent 362 from sliding along 
catheter 350 during crimping. A tapered peel away tube 
370 having a first end 374 with a first diameter and a 
second end 378 with a second diameter, the second 
diameter being larger than the first diameter, surrounds 
a portion of catheter 350 at the first end 363 of the stent 
362 when moved as indicated by the arrow. Tapered 
peel away tube 370 serves as a crimping means. The 
second diameter of tapered peel away tube 370 is larger 
than the diameter of uncrimped stent 362 while the first 
diameter of tapered peel away tube 370 Is smaller than 
the diameter of the uncrimped stent. Optionally, the 
stent may rest in a sleeve (not shown) to prevent nicking 
or other damage to the stent. In use, tapered peel away 
tube 370 is slidably passed over stent 362 when moved 
as indicated by the arrow. As the tapered end of tapered 
peel away tube 370 passes over stent 362. the stent is 
crimped. Following crimping first peel away tube 366 
and tapered peel away tube 370 may then be peeled 
away from catheter 350. Optionally, a two part sleeve 
which can be broken off may be used to crimp the stent 
in place of the tapered peel away tube. 
[0031] Suitable materials for tiie first peel away tube 
and the tapered peel away tube include scored polyeth- 
ylene, polypropylene and teflon. Preferably tapered peel 
away tube will 370 be made of a dear or translucent 
material. Tapered peel away tube 370 must be made of 
a material less deformable than the stent so that as it 
passes over tiie stent, the stent will be crimped rather 
than tiie tube being deformed. The first peel away tube 
366 may be formed of any material rigid enough to pre- 
vent the stent from sliding. 

[0032] In another embodiment the present invention 
discloses a stent-crimping apparatus comprising a 
deformable tube and a tension applying means for 
applying tension to the deformable tube and a metiiod 
of crimping a stent using tiie same. The stent bearing 
region of a catiieter, along with a stent, is inserted into 
the deformable tube. As the tension applying means 
sti-etches the deformable tube, the diameter of the tube 
decreases, thereby crimping the stent onto the catheter 
[0033] As depicted in Rgure 8, a catheter 420 bearing 
a balloon 422 is inserted in a deformable tube 424. 
Stent 426 is separately inserted into deformable tube 
424 so that it rests over at least a portion of balloon 422. 
Deformable tube 424 has grips 430 at each end. While 
grips 430 may be an integral part of deformable tube 
424. they may also be adhesively or pressure bonded to 
deformable tube 424. Deformable tii>e 424 will prefera- 


10 

ble be formed of a braid, the characteristics of which 
have been discussed her^n above Grips 430 may be 
made of any material which facilitates holding onto the 
device., including plastics and metals. In operation, a 

5 stent 426 is aligned over balloon 422 and tension 
applied to botii grips 430 so as to stretch deformable 
tube 424. As deformable tube 424 stretches, its diame- 
ter decreases, thereby applying an Inward force to stent 
426 and crimping it to balloon 422 and catheter 420. 

10 [0034] The apparatus, shown in Figure 9 illustiates an 
embodiment of the above invention. The apparatus 
comprises a deformable tube 450 fixed at a first end 454 
to a first arm 456, and fixed at a second end 458 to a 
second arm 460. The two arms are pivotally connected 

IS at 464. The first and second arms have apertures 468 
and 472 tfierethrough respectively. In use, a catheter 
476 is inserted tfirough the aperture 468 or 472, ti'avers- 
ing the deformable tube 450 and exiting via tine aperture 
468 or 472 such tiiat tiie stent bearing region of the 

20 catheter (not shown) resides in tiie deformable tube. A 
stent (not shown) is then inserted in deformable tube 
450 so tiiat it rests over the stent bearing region of the 
catheter. Optionally, a deformable sleeve (not shown) 
may be contained within the deformable tube as well. As 

25 arms 456 and 458 are squeezed together at 480 and 
484, the arms exert a longitudinal tension on the 
deformable tube, stretching deformable tube 450 and 
decreasing the diameter of deformable tube 450 
thereby crimping the stent to tiie stent bearing region of 

30 the catiieter. 

[0035] In another embodiment the present invention 
provides a method for crimping a crimpable stent onto a 
catheter, the catheter possessing a stent bearing 
region. The stent is characterized by a first diameter 

35 prior to crimping and a second, smaller diameter follow- 
ing crimping. The method comprises the steps of plac- 
ing a stent coaxially on the stent bearing region of the 
catheter, and placing a stent retaining means such as a 
deformable tube over tiie stent, as discussed above. 

40 The deformable tube has a longitudinal axis, and a first 
diameter in the absence of tension and a second, 
smaller diameter when the tube is under tension along 
the longitudinal axis. Longitudinal tension is placed on 
the tube so as to fix tiie stent in place on the stent bear- 

45 ing region of tine catheter and to substantially prevent 
relative motion between the tube and the stent. A stent 
crimping means such as a die containing a bore is pro- 
vided. a portion of the bore with a diameter smaller tiian 
the first diameter of tfie stent. Relative sliding movement 

50 is then provided between tiie stent crimping means and 
the stent, with the stent crimping means ti-aversing the 
stent bearing region of the catheter and thereby crimp- 
ing the stent 

[0036] In anotiier embodiment, illustrated by Figure 
55 10a. the present invention provides a method for affixing 
a stent 500 onto a catheter 504. A stent 500 is placed 
coaxially on stent bearing region generally indicated at 
508 of catheter 504 including a balloon 509 and a stent 
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retaining means such as a deformable, optional peel- 
away tut)e 512 is placed coaxlally over stent bearing 
region 508 of catheter 504. While peel-away tube 512 is 
depicted as being tapered, it need not be tapered. 
Although allowably defonnable, the stent retaining 
means should prevent sliding of stent 500. A crimping 
means such as a tapered tube 524 having a first open- 
ing 528 with a first diameter and a second opening 532 
with a second diameter, the second diameter being 
smaller than the first diameter, is positioned coaxialiy 
over catheter 504. Although the Interior of tapered tube 
524 Is tapered, the exterior may be tapered as well. As 
the crimping means (tapered tube 524) passes over 
stent 500 as indicated by the arrow, stent 500 is partially 
crimped onto catheter 504, as illustrated in Fig. 10b. 
After tapered tube 524 has completely passed over 
stent bearing region 508. as depicted in Fig. 10c, stent 
500 is crimped to catheter. The crimping means 
(tapered tube 524) and deformable tube 512 may then 
be: removed, optionally by peeling them off. Suitable 
peel-away tube materials include scored polyethylene, 
polypropylene and teflon. 

[0037] As In the first of the above-mentioned embodi- 
ments, the tubes may be made of a clear or translucent 
material so as to ^dlitate positioning of the stent and 
catheter within. Optionally, the tube may be made of a 
polymer braid or a metal braid such as nitinol and/or 
have a lubricious coating on the inner surface of the 
tube. The tube must be round on the inside although the 
exterior need not be round. 

[0038] It is understood that in all of the embodiments 
of the present invention, whether explicitly stated or not. 
an optional protective tube surrounding the stent may 
be Included to protect the stent from damage. 
[0039] In those en^odlments of the present invention 
in which a die Is used, as in the first embodiment, the die 
may be made of metal or of a polymer. It is most desira- 
ble for the bore within the die to be tapered such that the 
tapered diameter is smaller than the initial diameter of 
the stent to be crimped. 

[0040] In yet another embodiment of the present 
invention, the apparatus discussed above are prepared 
with an automated mechanism (not shown) to apply ten- 
sion to the tube or slidably move the appropriate tubes 
or shafts. The automated mechanism may include a 
motor (not shown). 

[0041] In yet another embodiment of the present 
Invention, the apparatus comprises a tubular plunger In 
communication with one end of an inner tube. The 
plunger is slidably mounted in an outer tube. The inner 
tube, which receives the stent and catheter, traverses 
the inner bore of a slotted die. The other end of the inner 
tube Is fixedly attached to an end portion. The outer 
tube serves as a sheath to protect the inner tube and 
preferably is slotted at one end. The slotted end of the 
outer tube is received by the slots in the die. In order to 
crimp the stent, the die is slidably moved over the stent 
residing in the inner tube. As the stent passes through 


the inner bore, at least a portion of the inner bore having 
a smaller diameter than that of the uncrimped stent, the 
stent is crimped down onto the catheter or onto a dilata- 
tion t}alloon mounted on the catheter. 

5 [0042] This embodiment of the device is illustrated in 
Figure 1 1. A tubular plunger 700 having a first end 702 
and a second end 704 and characterized by an inner 
diameter exceeding the diameter of the uncrimped stent 
is attached to and in communication with a deformable 

10 inner tube 710. Inner tube 710 receives stent 706 and 
catheter 707 through plunger 700. and is fixedly 
attached to the second end of the tubular plunger 704 
by pressing, or the use of adhesives. Deformable inner 
tube 710 has a first end 712 and a second end 714. The 

15 device further comprises an outer tube 720 having a 
first end 722, and a second end 724. As depicted in Fig- 
ure 12, outer tube 720 is notched at second end 724 so 
as to have a plurality of (two) oppositely situated wall 
sections 726 at the second end. The second end of the 

20 plunger 704 is slidably mounted In the first end 722 of 
the outer tube 720 and deformable inner tube 710 
resides within outer tube 720. A die 730 (depicted in 
Figures 11. 13 and 14) is slidably mounted on outer 
tube 720. Die 730 has an outer housing 732 and an 

25 inner housing 734 with an inner bore 736 therethrough, 
inner bore 736 having a circular cross-section at every 
point along the length of the inner bore. Inner bore 736 
is characterized by a minimum diameter, with the diam- 
eter of stent 706 prior to crinping exceeding the mini- 

30 mum diameter of the bore. A portion of inner tube 710 
traverses inner bore 736. Die 730 further has one or 
more slots 738 therethrough arranged so as to receive 
the plurality of oppositely situated wall sections 726 in 
sliding engagement Finally, the device has an end por- 

35 tlon shown generally at 740 at the second end of outer 
tube 720. Optionally end portion 740 has a hole 742 
therein from which catheter 707 may emanate. Finally 
reverting to Rgure 1 1 , end portion 740 may comprise a 
cap 750 mounted on the second end of the outer tube. 

40 Cap 750 comprises a male part 752 extending inward to 
which second end 714 of inner tube 710 is fixedly 
attached, either by bonding, pressing or some other 
suitable method so that the Inner tube may be placed 
under pressure by pulling on the plunger. Gap 750, pre- 

45 vents die 730 from sliding off of outer tube 720. Cap 
750. like the outer tube, may be made of rigid materials 
including polymers and metals. End cap 750 may be a 
separate piece or may be molded as an Integral part of 
outer tube 720. End cap 750 optionally has a hole within 

50 allowing for the insertion or removal of the catheter from 
the inner tube. 

[0043] Optionally, the device may furtiier comprise a 
mandril 751. In one embodiment, the mandril may ema- 
nate from end cap 750 and traversing inner tube 710 
55 and plunger 700. Mandril 751 may serve as a guide for 
inserting the catheter and stent. 
[0044] The plunger 700 may be made of any rigid 
material. Preferably, It will be made of a clear material 
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such as a polycarbonate. However, other polymers or 
metals including stainless steel may be used as well. As 
depicted In Rgure 11. the second end 704 of plunger 
700 is tapered. While not a necessary feature of the 
Invention, the taper allows for ease of mounting inner 
tube 71 0 on plunger 700. The first end of plunger 700 is 
chamfered to facilitate receipt of the stent therein, 
although the chamfering is not necessary to the device. 
[0045] The deformable inner tube 710 may be made 
of any deformable material softer than the stent. The 
tube must be susceptitde to deforming in such a way 
that at least a portion of the tube exhibits a reduced 
diameter upon stretching of the tube. While the Interior 
of the tube must have a circular cross section, the exte- 
ria of the tube, while preferably having a circular cross- 
section, need not have a drcular cross section. The 
tube may be a sheath formed from Teflon, polyethylene, 
polypropylene or any other material softer than the 
stent. The tube may also consist of a braid of constant 
pic count, preferably ranging from about 30 to about 90, 
most preferably about 40. While aflat ribbon braid which 
is tubular on the Inside may be used, preferably a round 
braid will be used. Suitable materials for a braid include 
polyimide or polyester and nylon as well as metals such 
as Nitinol. Suitable braid tubes are manufactured by 
SCIMED Life Systems, Maple Grove, MN, SantaFe Tex- 
tiles, Inc.. Los Angeles, CA. or any other coil braider. It 
Is preferable that the tube be formed of a clear or trans- 
lucent material for ease of positioning the stent. Option- 
ally, there can be a step down in the inner tube diameter 
between the first opening and the second opening of the 
tube. The step down serves as a stop for ease of posi- 
tioning the stent. The diameter of the unstretched tube 
at the first end may exceed the diameter of the 
uncrimped stent. The tube may be coated with either a 
lubricity enhancing coating or a coating to enhance 
holding forces on the outside or inside. To facilitate posi- 
tioning the stent relative to the catheter, the tube may be 
marked witii position markers and may further be made 
of a magnifying material to facilitate visualizing the stent 
and catheter. 

[0046] As in the previous embodiments, the deforma- 
ble inner tube 710 serves not only to protect the stent 
from damage such as nicking, but also serves to hold 
the stent in place during crimping and prevent elonga- 
tion of the stent. 

[0047] The deformable inner tube 710 may be 
attached to plunger 700 by any known means including 
adhesive bonding and press fitting (i.e. frictionaliy bond- 
ing). 

[0048] The outer tube 720. like tiie plunger, may be 
made of any rigid material. Preferably, however, the 
outer will be made of a clear or translucent material to 
enable the stent to be seen as it is positioned. Option- 
ally, outer tube 720 may further comprise a magnifying 
window (not shown) so as to facilitate positioning stent 
706. The magnifying window may be made of any mag- 
nifying materials. The outer tube 720 may also be illumi- 


nated (not shown) to facilitate viewing tiie stent. In 
operation, tiie outer tube 720 helps to contain the 
deformable inner tube 710 and prevent it from protrud- 
ing when the plunger Is depressed. The plunger is 

5 depressed while the stent is loaded. The outer tube fur- 
ther senses as a protective packaging where tiie stent is 
prepackaged in tiie stent crimping device The walls of 
Inner tube 710 may also be coated with a lubricious 
coating to facilitate sliding the die over it. 

10 [0049] The die 730 may be made of any material 
harder tiian the stent, Including metals and polymers 
such as polycarbonate. Other suitable materials include 
acetals, such as delrin. or lubricious materials such as 
polyethylene and nylon. One embodiment of the die. 

IS shown in Figure 13 comprises an outer housing 732 and 
an inner housing 734 in communication with one 
another, slots 738 between the inner housing and the 
outer housing and an inner bore 736, traversing inner 
housing 734. Although die 730 is depicted with baffles 

20 739 thereon, any ergonomic design to the outer housing 
may be used. 

[0050] The diameter of the stent prior to crimping 
exceeds the minimum diameter of tiie bore. Where the 
diameter of the bore is constant along the lengtii of the 

25 bore, the maximum and minimum diameters are equiv- 
alent. Preferably, the bore will be tapered from one or 
both sides of tiie die. In the former case, the bore tapers 
from a maximum diameter at the first end of the die to 
tiie minimum diameter at the second end of the die. in 

30 the latter case, as depicted in Figure 1 1 , the diameter of 
tiie bore decreases along the length of the bore until a 
region of minimum diameter is encountered. Following 
tiie region of minimum diameter, the diameter of tiie 
bore increases along tiie remaining length of the bore. 

35 The region of minimum diameter may constitute a single 
point along the length of the bore or may extend for a 
desired length. The taper need not be symmetric. Thus, 
the taper of the bore on the first end can extend over a 
greater or lesser lengtii than the taper on the second 

40 end. Finally, although die 730 is depicted with baffles 
739 on tiie exterior, any ergonomic design for the exte- 
rior of the baffle may be used. 
[0051 ] In another embodiment of the die, as depicted 
in Figure 15, tiie die comprises an outer housing 745 

45 and an inner housing defined by inner housing mem- 
bers 746. Inner housing members 746 are attached to 
the outer housing via posts 747. Preferably, posts 747 
are made of a springy material, including stainless steel 
and nitinol. allowing the diameter of the substantially cir- 

50 cular inner bore 748 to be varied. Slots 749 lie between 
outer housing 745 and the inner housing members 746. 
Iri operation, such a die allows for the crimping of a vari- 
ety of stents with different diameters to balloons of dif- 
fering diameters. As the stent and balloon enter the die. 

55 inner housing members 746 retracts until the spring 
force Is sufficient to begin crimping the stent. This will 
occur when the compression is such that the spring 
force exceeds tiie maximum force to which tiie stent can 


8 


BNSDOCID: <EP p9ie3iaA1J_> 


r 

15 

be subjected without deforming. The use of the springy 
nnaterial ensures the application of a consistent crimp 
retention force over a variety of stent and balloon diam- 
eters. Of course, the outer tube must be slotted so as to 
cooperate with the slots 749. One such tube is shown 
generally at 760 in Figure 16a. The tube has three side 
walls 762. A sectional view of the slotted end is shown 
at 766 in Rgure 15b. 

[0052] . In another embodiment of the die. as depicted 
in Figure 17, die generally indicated at 770 comprises a 
tubular outer housing 771 and two spaced half-tubular 
inner housing elements 772. Coil springs 773 line the 
space between tubular outer housing 771 and half-tubu- 
lar inner housing elements 772. Half-tubular Inner hous- 
ing elements 772 define a bore 774 for receiving the 
stent and catheter (not depicted) with a substantially cir- 
cular cross-section. Although springs 773 are not 
directed radially inward, the invention also contemplates 
the use of springs oriented radially inward. Tubular outer 
housing 771 as well as half-tubular inner housing ele- 
ments 772 may be made of the same materials as those 
used for other embodiments of the die such as stainless 
steel and polymers such as polycarbonate, acrylonilrile- 
butadiene-styrene copolymer, Nylon, acetal. and PEEK 
(polyetheretherketone). As the catheter and stent (pref- 
erably in an inner tube) with a diameter exceeding the 
diameter of inner bore 774 are inserted into bore 774, 
springs 773 compress. When springs 773 are suffi- 
ciently compressed that the force exerted by the springs 
exceeds the maximum force to which the stent may be 
subjected without deformation, the stent will compress. 
For a given choice of spring with given spring constant, 
this design allows for a variable crinrp depending on the 
physical properties of the stent being crimped. Stents 
made of materials less susceptible to deformation will 
not be crimped to the same extent as stents more sus- 
ceptible to deformation. This is in marked contrast to 
those die embodiments which do not use springs. 
Absent the springs, all stents passing through the die 
will be crimped to a diameter equal to the minimum 
diameter of the inner bore. 

[0053] In operation, stent 706 is crimped to the balloon 
and catheter as depicted in Rgure 13 by inserting stent 
706 and catheter 707 through the plunger and into inner 
tube 710, positioning stent 707 over stent bearing 
region 709 and sliding die 730 along outer tube 726 
such that die 730 passes over stent 706 and applies a 
uniform radial inward force to the stent. Preferably, when 
the stent is inserted, the inner tube should be placed 
under sufficient tension that its diameter Is approxi- 
mately equally to that of the uncrimped stent. The stent 
may then be positioned relative to the catheter by tilting 
the device downward and depressing the plunger. In so 
doing, the diameter of the inner tube increases and. act- 
ing under gravity, the stent slides down in the inner tube 
until it reaches the desired location at which time the 
plunger may be pulled outward to apply tension to the 
inner tube thereby reducing the diameter of the inner 


16 

tube and causing the inner tube to grip the stent and 
hold it in place as the die passes over the stent. If the 
stent goes too far in the inner tube, the process may be 
repeated, tilting the device in the opposite direction 
5 although such a step is not necessary if a step down 
braid or tube is included. Of course, the position of the 
catheter may also be adjusted by sliding the catheter 
relative to the stent. 

[0054] The device may further comprise a ratcheting 
10 mechanism (not depicted) or a locking mechanism to 
control the amount of tension applied to the inner tube 
and lock the plunger into the package place when a 
desired tension has been placed on the inner tube. 
Such a mechanism would facilitate operation of the 
15 device by eliminating the need to pull on the plunger as 
the die is moved and the stent is crimped. 
[0055] In yet another embodiment, as depicted in Fig- 
ure 18, the stent crimping device shown generally at 
1100 comprises an array of longitudinal wires 1104 
formed of a metal such as stainless steel connected at 
one end with circular wire 1 106 and at the other with cir- 
cular wire 1108, the wires arranged in a frustoconical 
assembly 1109. Sun-ounding the wires is a die 1110 
with a circular bore 1112 therethrough. The diameter of 
the circle defined by circular wire 1 106 exceeds that of 
the unainped stent while the diameter of the bore 1112 
is the desired diameter of the crimped stent. As can be 
seen from the figure, the diameter of the circle formed 
by circular wire 1 108 is less than the diameter of the cir- 
cle formed by circular wire 1 1 06. 
[0056] In operation, a stent (not shown) is placed on a 
stent bearing region of a catheter (not shown) and 
Inserted through circular wire 1 106 and into the frusto- 
conical assembly. Die 1 1 1 0 is slldably moved toward cir- 
cular wire 1 106 drawing longitudinal wires 1104 Inward 
on the stent and thereby crimping the stent 
[0057] Although the device depicted in Rgure 18 is 
shown as being formed from four longitudinal wires as 
many as twelve longitudinal wires or more may be used 
in making the frustoconical device. 
[0058] The die 1110 may be made of any material 
stronger than the stent and longitudinal wires to ensure 
that the stent is crimped rather than die being deformed. 
Stainless steel is one such material. 
[0059] Common to all of the various embodiments dis- 
closed above is the application of a uniform force to a 
compressible tube which, in turn, transmits the force to 
the stent and thereby crimps it uniformly on the catheter. 
The uniform force is applied in the various embodiments 
in one of two ways: first, by sliding the tube and its con- 
tents through a bore, preferat^ly tapered so that as the 
tube traverses the bore, the bore exerts a uniform force 
on a circular cross section of the tube and second by 
elongating the tube resulting in a uniform reduction of 
the diameter along the tube. The bore may be the bore 
in a metal or polymer die or, alternatively, the bore in a 
tube or sheath, the tube or sheath optionally being 
tapered on the outside or the inside. 
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[0060] The crimping dances of the present invention 
nuay be prepackaged with a stent contained therein for 
single use. a stent and a catheter with an expandable 
region, or a stent, balloon and catheter. Alternatively, 
the crimping devices of the present invention may be 5 
used in conjunction with a stent prepackaged in a 
deformable tube which may be inserted into the crimp- 
ing device along with the stent 
[0061] While this invention may be embodied in many 
different forms, there are described in detail herein spe- 10 
cific preferred embodiments of the invention. This 
description Is an exemplification of the principles of the 
invention and is not intended to limit the Invention to the 
particular embodiments illustrated. 
[0062] The above exanrples and disclosures are is 
intended to be illustrative and not exhaustive. These 
examples and descriptions will suggest many variations 
and alternatives to one of ordinary skill in this art All 
these alternatives and variations are intended to be 
included within the scope of the attached claims. Those so 
familiar with the art may recognize other equivalents to 
the specific embodiments described herein which 
equivalents are also intended to be enconpassed by 
the claims attached hereto. 

25 

Clafms 

1 . An apparatus for compressing a stent onto a cathe- 
ter, the stent having a first end and a second end 
and a diameter, the apparatus conprising a retain- 30 
ing means for maintaining the position of the stent 

on the catheter, the retaining means located adja- 
cent to the first end of the stent and a crimping 
means for applying a uniform radial inward force to 
at least a portion of the stent. 35 

2. The apparatus of claim 1 wherein the retaining 
means comprises a peel away tube mounted coax- 
ialtyon the catheter. 

40 

3. The apparatus of claim 1 wherein the crimping 
means comprises a tapered peel away tube 
mounted coaxlally on the catheter adjacent to the 
second end of the stent, the tapered peel away tube 
having a first diameter larger than the diameter of 45 
the stent and a second diameter smaller than the 
diameter of the stent, and wherein the uniform 
radial Inward force is applied by sliding the tapered 
peel away tube over the stent 

50 

4. An apparatus for compressing a stent onto a cathe- 
ter, the stent having a first end and a second end 
and a diameter, the apparatus comprising a retain- 
ing means for maintaining the position of the stent 

on the catheter, a die, the die having a bore, the 55 
bore having a diameter, the diameter smaller than 
the diameter of the stent and a mounting apparatus 
for mounting the die thereto so as to facilitate uni- 


form motion of the die over the stent wherein a uni- 
form radial inward force is applied by sliding the die 
over the stent 

5. The apparatus of claim 4 wherein the bore is 
tapered, the bore having a first end and a second 
end, the first end of the bore having a diameter 
larger than the diameter of the stent, the second of 
the bore having a diameter smaller than the diame- 
ter of the stent 

6. The apparatus of claim 4 wherein the mounting 
apparatus comprises a catheter retaining means to 
prevent the catheter from moving, 

7. The apparatus of claim 4 wherein the mounting 
apparatus comprises a rail or a rod upon which the 
die Is slidably mounted. 

8. An apparatus for compressing a stent to a catheter, 
the apparatus comprising: 

a deformable first tube having a first end and a 
second end, the deformable first tube having a 
first diameter, the first tube having a second 
diameter in the presence of longitudinal tension 
applied to the first tube, the second diameter 
smaller than the first diameter, the first tube 
being fastened at the first end to a tension 
applying means for applying longitudinal ten- 
sion to the first tube, the first tube being fas- 
tened at the second end to the tension applying 
means, the apparatus further comprising an 
optional catheter retention means for prevent- 
ing the catheter from moving, whereby the 
stent is crimped onto the catheter by applying 
tension to the first tube via the tension applying 
means. 

9. The apparatus of claim 8 wherein the tension apply- 
ing means comprises a first arm, the first arm hav- 
ing a top and bottom and a second arm, the second 
arm having a top and a bottom, the first and second 
arms being pivotally connected, the first end of the 
first tube attached to the top of the first arm, the 
second end of the first tube attached to the top of 
the second arm whereby when the bottom of the 
first arm is moved toward the bottom of the second 
arm, the top of the first arm moves away from the 
top of the second arm, thereby applying tension to 
the first tube and crimping the stent to the catheter. 

10. A method of crimping a stent onto a catheter, the 
catheter having a stent bearing region, comprising 
the steps of: 

inserting the stent and the stent bearing region 
of the catheter are Inserted into a deformable 
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tube; 

and applying tension to the tube thereby elon- 
gating the deformable tube and reducing the 
diameter of the tube to a second reduced diani- 
eter and crimping the stent to the catheter. s 


1 1 . A device for aimping a stent to a catheter, the stent 
having a diameter prior to crimping, comprising: 

a tubular plunger having a first end and a sec- io 
ond end. the plunger having a inner diameter 
exceeding the diameter of the stent prior to 
crimping; 

a deformable inner tube for receiving the stent 
and catheter from the plunger, the inner tube is 
fixedly attached to the second end of the tubu- 
lar plunger, the deformable inner tube having a 
first end and a second end; 
an outer tube, the outer tube having a first and 
a second end, the outer tube notched at the 20 
second end so as to have a plurality of oppo- 
sitely situated wall sections at the second end, 
the second end of the plunger slidably mounted 
in the first end of the outer tube and the deform- 
able inner tube residing within the outer tube; 25 
a die slidably mounted on the outer tube, the 
die comprising an outer housing and a inner 
housing, the outer housing in communication 
with the inner housing, the inner housing hav- 
ing an inner bore therethrough, the inner bore so 
having a circular cross-section at every point 
along the length of the inner bore, the bore 
characterized by a minimum diameter, the 
diameter of the stent prior to crimping exceed- 
ing the minimum diameter of the bore, a portion 35 
of the Inner tube traversing the bore, the die fur- 
ther having one or more slots therethrough 
between the inner housing and the outer hous- 
ing, the slots arranged so as to receive the plu- 
rality of oppositely situated wall sections in 40 
sliding engagement; and 
an end portion, the end portion residing at the 
second end of the outer tube, the end portion 
optionally having a hole therein from which the 
catheter may emanate; whereby the stent is 45 
crimped to the catheter by inserting the stent 
and catheter through the plunger and into the 
inner tube, and sliding the die along the outer 
tube such that the die passes over the stent 
and applies a uniform radial inward force to the * so 
stent. 

12. The device of claim 11 wherein the Inner bore is 
tapered. 

55 

13. The device of claim 1 1 wherein the diameter of the 
inner tube is stepped, the step serving as a stopper 
for the stent 


14. The device of claim 1 1 further comprising a ratchet 
means in communication with the plunger and outer 
tube to facilitate the application of tension to the 
inner tube and lock the plunger into a desired posi- 
tion. 

15. The device of claim 11 wherein the second end of 
the outer tube comprises a plurality of oppositely 
situated wall sections and the die has slots therein, 
the slots aranged so as to receive the plurality of 
oppositely situated wall sections. 

16. The apparatus of claims 1 -9 and 11-15 further com- 
prising a deformable protection tube covering the 
stent so as to protect the stent from damage. 

17. The apparatus of claims 1-9 and 11-16 wherein the 
apparatus is formed, at least in part, from a trans- 
parent or translucent material so as to facilitate the 
viewing of a stent therein. 

18. The apparatus of claims 1-9 and 11-17 having a 
lubricious coating applied to at least a portion 
thereof so as to fadlitate crimping. 
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